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Abstract 
Based on the principle of fiber bragg grating sensors, orthogonal multipoint curvature information can be detected by 
space division multiplexing technique (SDM) and wavelength division multiplexing technique (WDM). This paper 
discusses the space curve fitting based on this orthogonal discrete curvature information. To realize space curve 
fitting, the curvature information interpolation method and the curve fitting method are discussed. The visualization 
reconstruction software combined with VC++ and OpenGL technology was developed for simulation and experiment. 
Simulation results show that the interpolation method and fitting method can reflect the curved shape of space curve 
more accurately. And experiment results shows the curved shape perception and visualization reconstruction of 
experiment model with implantable distributed FBG sensor network exactly, dynamically based on FBG detection 
technology.  
© 2011 Published by Elsevier Ltd. 
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1. Introduction
In recent years, the FBG (Fiber Bragg Grating) sensor is widely used in the dam monitoring, the health
monitoring [1], endoscope shape detection [2], and other fields. The FBG which is an advanced detection 
elements can detect strain, temperature and other physical has small size, high accuracy, anti-
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electromagnetic interference, especially takes a good implantation of affinity and easy to implement 
multiplexing technology, and other technological advantages [3]. The fiber intelligent structure [4] which 
forms by implantable distributed FBG sensor network in structure gradually becomes important research 
based on the FBG wavelength division multiplying technology and space division multiplexing 
technology [5]. 
Theory of space curve fitting method has been more mature, most of them are based on the coordinates 
of space point. But such curve fitting algorithm isn’t available to use for motion because it is so hard to 
get the location information such as spacecraft real-time operation. This paper discus the curve fitting 
method used orthogonal discrete curvatures information. Based on the wavelength excursion that detected 
by FBG sensors, distributed FBG sensor network can be implanted orthogonal in the surface of 
experiment model to simulation the space curve. It can accurately obtain the strain of the measuring point 
on the structure. Then through the fiber grating demodulator transforms the strain into the wavelength, 
and then transformed to discrete curvature information in order to achieve the space curve fitting based 
on orthogonal discrete curvature information. 
2. FBG sensing principle 
The fiber core of FBG presents the periodic distribution. The detecting physical around the grating 
changes such as temperature, strain, stress or other, will lead the grating cycle or the core refractive index 
changing, then will cause Bragg fiber grating wavelength excursion. Through the fiber grating 
demodulator monitoring the Bragg fiber grating wavelength excursion can obtain the changes of detecting 
physical, basic principle as shown in Figure 1. According to coupled-mode theory, the expression of 
reflection center wavelength λB show as formula (1):  
Fig. 1 FBG sensing principle 
λB=2neffΛ  (1) 
Where Λ is the grating space, neff is the effective index of fiber core. When the fiber grating receiving 
axial stress, the grating space Λ changes into Λ’. This gives birth to wavelength excursion ΔλB , 
ΔλB=2ΔneffΛ+2neffΔΛ  (2) 
The formula (2) shows reflection wavelength excursion ΔλB is caused by the changes of fiber core 
effective index and grating constant. While the fiber grating under axial stress effects or impact of 
temperature changes, both neff and Λ will change. Without considering the strain and the temperature 
coupling relations, as well as under temperature constant condition, the wavelength excursion is shown as: 
ΔλB/λB=(1-P)ε  (3) 
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P is valid photo elastic coefficient, and the value is 0.22. Thus, ΔλB is proportional to axial strain ε. 
3. Space curve fitting based on discrete curvature 
3.1. Analyses of curve fitting in osculating plane 
According to the moving frame in differential geometry, moving coordinate determined by curve 
tangent and curvature component, and the osculating plane is determined by curvature vector. Bending 
calculation of curve in osculating plane and motion analysis of the moving coordinate both can be done. 
It is the basic ideas of space curve fitting based on curvature.  
In vector analysis of curvature, curvature can be described as vertical curvature vector with tangent 
vector. , are component vector of the curvature 0 on 00 plane and 00 plane, shown as Fig.2. 
Assuming , 1 , 2 are three points on the curve. Choose the 1
st point O as coordinate origin, ensure 
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Z axis along tangent at this point, X axis along curvature component 0a , axis along curvature 
component 0b , and at this point the moving coordinate system is coincident with the fixed 
coordinate system
k Y
k 0-c00-ba
X-Y-Z . In point 1 , the moving coordinate system 111 is not parallel with the fixed 
coordinate system
O -c-ba
X-Y-Z
O
, but curvature component 1a  is along 1 axis and curvature component 1b is 
along 1 axis. In point 2 , the situation is no different. According to differential geometry, the curve’s 
tangent vector and normal vector determine osculating plane of its own. The plane 0π is the osculating 
plane at point which is confirmed by curvature vector 0k and 0c axis of moving coordinate system. In 
differential geometry, the curve’s tangent vector and normal vector confirm its osculating plane. 
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O
Fig2. Osculating plane and moving coordinate system 
In osculating plane space curve fitting became much simple. The space curve micro arc can be 
considered bending in different osculating planes, and the space curve fitting converts to plane curve 
fitting. While point 1O trends to point , the micro arc between them is tiny. The coordinate of 
point 1O in osculating plane 0 can be counted by micro arc ds and curvature vector , and it is easy to 
transform the value to the coordinate in moving coordinate system . 
O
O
ds
π 0k
0
Based on curvature 1 of the point 1 in coordinate system 111 , new osculating plane 1 can be 
constructed and micro curve fitting can be done in plane 1 . As Fig.2 shown, moving coordinate system 
moves from 000a to 111 , the new moving coordinate system origin point 1 is easy to confirm. And 
the new direction of the coordinate system can be looked as axis c ’s rotation and the rotation of the 
coordinate system around axis c . 
00 -c-ba
-c-bk a
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π
π
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0
The vector 000 vertical with osculating plane is constructed to determine the movement of 
axis 0 . The coordinate system rotate angel 0 around 0 while the origin point of moving coordinate 
system becoming . is the central angel of arc OO , shown as Fig.2. Thus axis c can be determined. 
0
n
c
c θ
1 0 1 1
The rotation of new coordinate system around axis 0 can be resolved in osculating plane. The angle 
between Axis 1 and osculating plane 1 is equal with the tangle 0 between axis 0 and osculating 
plane . Similarly the angel between axis  and osculating plane  is also equal to the angel 
O θ
a π α a
0π 1b 1π
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)-90( α0 between the axis 0b and the osculating plane 0 . Then the coordinate system 111 is formed. 
And in coordinate system 111 , curvature vector 1 can be synthesized by curvature 
component 1a and 1b in moving coordinate system . According the analogy, space curve can be 
fitting by curvatures component.  
π
11 -c-b
-c-ba
-c-ba k
k k 1a
3.2. Measurement of discrete curvatures  
Based on the analysis of section 3.1, to simulate space curve fitting based on curvatures, two curvature 
component of curvature vector should be measured. In fact, discrete curvatures can be sampled is limited 
in actual measurement. To get enough curvatures, linear interpolation among the curvatures of two 
discrete points should be used. 
Because of space division multiplexing (SDM) and wavelength division multiplexing (WDM) of the 
FBG sensors, they can be used well in curvatures measurement. FBG sensors are implanted on the 
surface of the experiment structure, and the position of installation is shown as Fig.3. FBG sensors 
sample curve’s curvature which is from the 2 normal surfaces vertical to cross-section. While the test 
with FBG sensors on bend in vertical section A-A. r is the distance between the sensors fixed position 
and neutral plane, is the length of no bending, 1a is the linear strain of stretch part, 2a is the linear strain 
of extrusion part. is the field angle of bending part, is the curvature radius of the bending part. 
a
α ρ
According to Fig 3, 
a+a1=α*(ρ+r)  (4) 
a+a2=α*(ρ-r)  (5) 
ρ=r*(2*a+a1+a2)/(a1-a2)  (6) 
So, 
k=(a1-a2)/r*(2*a+a1+a2)   (7) 
This equation can reflect the situation of space curve bending. Thus they converted linear strain of the 
implant point into bending curvature and curve shape can be fitted. 
Fig.3 FBG sensors installation and curvature conversion 
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4. Simulation 
Space curvature fitting’s simulation is combined with Visual C++ development environment and 
OpenGL technology. Two groups’ discrete curvatures are used to verify the space curve fitting method 
discussed in section 3.  
Fig.4 is shown the fitting results of variable diameter helix simulation. These points’ curvature 
component and are variable, and the modulus of curvature vector is variable. ak bk k
Fig.5 is shown the fitting results of equal diameter helix simulation. These points’ curvature 
component and  are equal and the modulus of curvature vector is equal. ak bk k
Table 1. Curvature vector in simulation 
Curvature component ka[8] kb[8] 
Fig.4 {0.0523,0.5057,0.803,0.9437, 
0.8978,0.713,0.4949,0.4065}; 
{1.4991,1.2517,0.8918,0.4603, 
0.0628,-0.2318,0.3369,-0.1745}; 
Fig.5 {0.0523,0.5619,1.0037,1.3482, 
1.4963,1.426,0.406,1.414}; 
{1.4991,1.3908,1.1147,0.6576, 
0.1046,-0.4635,-1.444,0.501}; 
 
Fig.4 the simulation results of variable diameter helix (a) (b) 
Fig.5 the simulation results of equal diameter helix (a) (b) 
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Fig.6 (a) FBG sensor array, (b) Experiment model implanted FBG sensors 
Fig.7 The experiment effect (a) (b) 
The results showed that space curve’s fitting method based on discrete curvatures reflects space curve 
bending accurately. 
5. Experiment result 
The experiment used wire (diameter is 0.8mm, length is 1300mm) as a model. And four FBG sensor 
array is encapsulated into its circumference surface orthogonally. Fig.6 (a) shown the FBG sensor array, 
Fig. 6(b) shown four FBG sensor arrays are encapsulated with the wire. The fiber grating demodulator 
and the computer are also used in experiment. The fiber grating demodulator demodulates the FBG 
sensor's centre wavelength. It is FONT-2201A fiber grating network demodulator of Shanghai Synet 
Optic Company. Sampling frequency is 50Hz, and has 4 measure channels, realizes 4 curve examinations 
with the space division multiplexing, demodulation range is 1520~1560nm. The computer carries on 
processing the data, realizes the experiment model bending shape perception and visualization with 
computer software technique and graphic processing technique.  
In order to verify the space curve fitting algorithm and reconstruction effects of space curves in FBG 
sensor detection system, first obtain the initial center wavelength in horizontal to achieve the wavelength 
calibration, and then make the model bending to form space curve, the experimental effect is shown in 
Figure.7. The shape of computer reconstruction and the actual shape are consistent, has good results and 
good real time. 
6. Conclusion 
Using wire as experiment structure model, fiber grating sensor array is implanted orthogonally. To 
verify space curve fitting method based on FBG sensor technology, the FBG sensor technique and space 
curve’s fitting method are discussed. On the basis of above, both simulation and experiment of space 
curve fitting algorithm based on curvature information are done using computer software technique and 
graphic processing technique. The experiment indicates the accuracy and the feasibility of the space curve 
fitting based on FBG sensor technique. 
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